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INTRODUCTION 
Granular formulations of herbicides have been gaining 
popularity among farip~r~ because of the several advantages 
they Qffer over the $pray formulations. 
Most of the more common herbicides are now available 
in either formulati~n, ~ut little research has been done 
to d,~termine the effectiveness of each formulation under 
a r~nge of different enviro:i:un~tal conditions. 
Qklahoma is a ~tate of environmental extremes, humid in 
the eas~ and arid in the west~ Performance of herbicides in 
Oklahoma has been err,tic due to the environmental conditions 
which vary from year to year and reach extremes within short 
periods of time in ~ny one season •.. Rainfall or lack of rain-
fall is one import~t environmental factor which determines 
the effectiveness qf a herbicide in Oklahoma. In general, 
temperatures rem~i~ high throughout the summer and are not 
as variable aa rainfall. However, the high temperatures 
attaine4 in the sunp.~r tre also an important factor in the 
performa,nce of herbicides. 
Due to the natur~ of the chemicals and tneir for,mu-
lations, there is r~a§qn to believe that differences .. exist 
with reference to activftion, persistence and effect~veness. 
The purpose of this stuqy was:to d~termine the ~erfo~nce 
of gran~lar and spray formulatioµs of t~ree herbicides 
under a number of different environmental conditionst 
1 
~VIEW OF LITERATURE 
Herbicides are aP,plied either as sprays or in the 
granular form, each formulation having its own specific area 
of usefulness (12, 16, 29, 30, 53)~ Formulation in this 
instance refers to th~ physical state Of the inactive com-
pound: which serves fa a_carrier for the active ingredient 
and giv,s bulk tot~ h,rbicide~ Spray_formulations are 
appl;ed as a liquid, ~pile granular formulations are applied 
in a dry form, the active ingredient being impregnated on 
the carrier .. 
The nature of the carrier is very ~mportant in deter-
mining the effectivene~, and the persistence of the herbi-
cide (1, 14, 49, 50, 56, 62). The choice of carrier is 
limited by chemical ~c.un,atability with the toxicant, physical 
relation with the toxicant and cost (45). As different 
carri~rf bind the to~icfnt_ with different degrees of tenacity 
with re~pect to volatilization and solubility, choice of the 
prqper ~arrier can prov~de a desired period of persistence 
and a st;titable rat, ~f release (17) .. In formulating the 
to~icant, care mus; pe ~aken to avoid any chemical reaction 
between toxicant a-d c~frier that would_impair the effec-
tivenes$ of the to~ica;J;J.t. A clesired combination is one 
,: . ~ ,' . ' 
which will enable the product to have a long shelf life and 
1Figure in parenthesis refers to literature cited. 
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to be effectively activated when applied to the soil (45). 
Physical selectivity is one of the more outstanding 
features of granul~r f9rmulations over sprays (4, 5, 15, 43, 
60)o When granular herbicides are applied to an emerged 
crop~ the granules sift through the foliage of the plant 
down to.the soil where they can act selectively. Sprays, 
on the other hand, e3rre retained by the _foliage and thus may 
not reach the soil., In some cases, leaf burn or oth,er 
3 
injury to the crop m~y result from retention of the herbicide 
on the leaves (15). Pue to their physical selectivity, 
granulars sometimes fit better into the farming operation, 
since time of application with respect to the stage of growth 
of the crop is less criticali the crop may be emerged and 
application can be made witho':lt injury to the crop (36). 
Superiority of one herbicide formulation over another 
appears to be determined to a large extent by environmental 
co~ditions, partic~l~rly the soil environment. Some reports 
show that, in. some cases~ spray formulations are more effec-
tive than granular formulations~ while other reports state 
no difference or r~port better performance of the granulars 
(3, 10,.11) 27, 28, 42). Orsenigo (40) attributes better 
performance of spray fqrmulat'!:ons of amiben over the granular 
formulation at the same rate to lack of surface moisture at 
'I. 
the time of appliccil,tit?J:7. and to limited rainfall in t:he first 
week after treatme~t. ~taniforth and Lovely (54) have 
reported that no differences of effectiveness were observed 
when granular and spray formulations of 2~4-D were subjected 
to various simulated rainfall conditions. In addition to 
being as effective in controlling weeds as the spray formu-
lation~ Danielson (48) stated that the granular formulation 
was less likely to injure transpl~nted crop~. 
Under'extreme drought conditions, EPTC in the liquid 
.. ' 
form at sev,en and one-half pounds :per acre gave less than .. 
thirty days of crabgrass control, while the granular formu-
lation at the same ra~e.gave good ~ontrol over a perie>d 
exceeding thirty days,(24, 3l)o 
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The main factors· that affect effectiveness and persis_-
tence of a herbicide when applied to a soil are soil moisture 
and rainfa!l, organic matter and microbial population, soil 
structure and texture, chemical and. photoch.e.mical deeom-
positi.on:1 yolatilization, temperatu,;-e, and removal by plants 
( 19, ~2, 3~, 59, 61) o • All these processes act simultaneously 
and show interaction effects (19). When soil moisture is at 
field capa~ity, micro~ial and chemical decomposition are 
favoredo Excessive rainfall leads to greater loss by leach-
. ... 
ing, while_· insufficie~t rainfall results in _greater loss by 
volatilization (44, 51)o Loss of active toxicant also 
occurs due to fixatio~ by soil mineral and organic colloid.s 
(13); fixa~ion, however, reduces losses due to volatilization 
and leaching. 
Soil Moisture and Rainfall 
The herbicide must reach the.seeds or s,eedlings being 
controlled in order to·be effective .. The soil solution 
. . 
provig.es -a\ medium through which the toxican~ is distributed 
through the soil and is brought to the site·. of action. Soil 
5 
moisture is also requtred to induce seed germination. Non-
germinating seeds are, generally not susceptible to herbicidal 
action. Burnside and Lipke (8) obtained results indicating 
that amiben was most ~ffective when fol,lowec:1 immediately l:>y 
water application; as the rate of amiben per acre was 
increased, less water was required. Since spray formula• 
tions are distributed over the ent:ire ground during applica-
tion, less water is needed for their activation and distri-
butiono Extra water is required with granular formulatio~s 
in order to release the herbicide from the carrier anc:1 to 
distribute it throughout a given area. The more tenatiously 
the herbicide is held ont'? the ea~rier, the larger th~ 
granules, and the greater the percen~ active ingredient on 
the granule, the grea~er the amount of moisture requ~red to 
distribute the toxicant (1). 
Rainfall or overhead irrigation is the most effective 
sou.re~ of moisture for activating and distributing herbi-
cides in the soil (1, 32, 33, 34, 35). Better distribution 
and movement of the herbicide into the soil are obtained when 
the s9urce of activating water i~ from above, since water 
movement occurs downward through the soil and distribution 
of the herbicide occurs partly by mass flowo The more 
insoluble .a herbicide, the greater the importance of ;mov.e .. 
ment by_m8;SS flow .. When the source of act~vating water is 
from 'belowj such as in furrow irrigation, water movement 
occurs upward and there is a tendency to accumulate the 
toxicant at the surface of the soil .. 
6 
Soil Microorganisms and Soil Organic Matter 
The greatest loss of a herbicide in any soil occurs by 
microbial decomposition (2? 8, 9~ 18, 20, 37 3 39, 41, 46, 52, 
58)o All arable soils have such a vast and diverse popula-
tion of microorganisms that almost any organic compound 
added to the soil is immediately acted upon (6). Any factor 
which favors the development of the soil microflora also 
favors the disappearance~£ herbicides from the soilo Gantz 
and Sl:ife (20) have shown that CDAA and CDEC persist in the 
soil longer under conditions of low soil moisture and low 
temperature than under co~ditions of high soil moisture and 
high temperature. Roberts and Wilson (47) have obtained 
data indicating that the persistence of CIPC in the soil 
varies from three to twelve weeks depending upon theprevail-
ing temperature and soil moistureo Similar results have 
been obtained by Burschel and Freed with amitrol and CIPC 
(9), Danielson fil. al (17)? and Newman and De Rigo (37) with 
EPTC, Ogle and Warren with 2 94=D, TCA, IPC and NPA (39), and 
Switzer and Rauser (57) with simazine and atrazine. 
Organic matter content is highly correlated with micro-
bial population. Organic matter enhances the microbial 
populatio~ and microbial decomposition shortens the period 
of persi.stence of a herbicide in the soil. 
Organic matter is also directly involved in decreasing 
the potency of an added herbicide through absorption of the 
herbicide (25). Sheets et al (52) reported that more herbi-
cide is required in a high organic matter clay soil than in 
a sa.ndy soil of low organic matter in order to produce the 
same degree of weed control. 
Leaching, 
7 
Soil texture and structure affect persistence and effec-
tiveness of a herbicide in an indirect fashion. In very 
sandy soils, losses due to leaching are of greater importance 
than losses due to microbial decomposition (44). In most 
sandy soils, the amount of organic matter is very low, indi-
cating a small microbia! population. Also~ sandy soils lack 
the colloidal fractions which tend to reduce the magnitude 
of losses due to leaching. The amount and intensity of rain-
fall are very important factors in determining the extent of 
losses due to leaching. Too much rainfall produces leaching 
of the herbicides beyond the zone of effective control and 
may dilute the herbicide enough to render it impotent. The 
more intense the rainfall~ the greater the loss by runoff 
and leachi.ng. 
Chemical and Photochemical Decomposition 
The rate of microbial decomposition of herbicides 
generally follows a typical growth curve~ with a lag period 
during ~hich the microbial population adjusts to the new 
chemical introduced into the soilo This is then followed by 
a period of increasingly rapid rate of decomposition and 
finally a leveling off period at which the population reaches 
its optimum (9)o Chemical and photochemical decomposition, 
on the other hand~ begin almost innnediately following appli-
cation of a herbicide~ In this case~ the rate of decom-
position is linear and continues at the same rate until 
complete disappearance of the herbicide occurs. The losses 
through chemical decomposition occur mainly by hydrolysis 
and oxidation and are favored by some of the same factors 
that favor microbial decomposit.ion (7). Photochemical 
decomposition occurs with some chemicals and is of special 
importanc,e if a labile herbicide is applied to a dry, bare 




Herbicides which have high vapor pressures are most 
prone to losses by vol{ttilizationo Highly volatile compounds 
such as EPTC have a ~hqrt·period of persistence, while most 
compounds of low volatility show greater p~riods of persis-
tencec In general, the greater the soil moisture content, 
the smaller the losses due to volatilization (21). This is 
due to the fact that when there is ample soil moisture much 
of the herbicide is ill the liquid phase in.stead of the 
gaseous phaseo In sandy soils, losses due to volatilization 
are greater than loss~s from high clay and/or high organic 
matter soilso Temperature is the most important single 
factor in determining losses due to,volatilityo The higher 
the temperature, the greater the loss by volatility. 
Removal 12.Y. Plants 
Most plants take up a great number of compounds from 
the soil, including herbicidesj with no apparent effect on 
the planto Once the herbicide is removed by a plant from 
the soil it is no loJ:1.ger potentially ~ffective and, if 
absorbed in great an,tounts, its herbicidal effectiveness may 
be greatly reduced. Once a herbicide molecule has been 
absorbed by a plant, it can be decomposed within the plant 
or ;t can be rendered inactive,by permanent binding. 
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It is evident that losses in effectiveness of a herbi-
cide 4epend upon both the environment and the chemical and 
phy~ical, properties of the herbicide. Since there is little 
that can be done to c.ontrol th~ environmental variables, . 
attention has been fQQU$ed on controlling the chemical an.d 
physical properties of the toxicant .. Granulation of herbi ... 
cides is_ one way in,which physical propert~es of a herbicide 
. .can .. be .~gul-cited and its effectiveness and persistenpe 
controlled. 
·MATERIALS AND METHODS . 
The herbicipea used in this study were NPA, ami~en and 
dacthal. The CQnmlercial form of NPA ~sed was the sod,ium 
salt of N-1-naph~hylphthalamic acid in solution containing 
two pounds of ~ctiye ingredient per gallon.(sold as 
Alanap-3), and .. as a ten percen~ active ingredient granular 
,', ; 
formulation on 15-30 mesh attaclay. 
Chemically, amiben is 3-amino 2,5-dichlorobenzo;c acid 
and was used a$ a commercial formulation containing two 
pounds a.ctive ingredient"1>er g{lllon. The granular formu-
lation \lsed was a ten percent active ing,:edient on 2~-48 
mesh attaclay. 
Dacthal is tbe common nam~ for the di~ethyl ester of 
2,3j5,6-tetrachloro.terephthali~ acid. It is available as a 
seventy··J:ive p~rc~t active ingredi_ent wettable powd~r and 
as a twepty percent active ingredient granular formulation. 
All three he~bicides are pre-emergence, in action apd 
have been shown to control a number of common weedp, 
including crabgrass and pigweed. 
Greenhouse Studi~s 
A Norge fine spndy loam soil o:f pH 5.5, organic matt~r 
content pf 0.7 percent and a c~tion exchange capacity of 
3.1 milliequivalents per one hµndred grams of soil was used 
for all greenhouse studies. 
10 
11 
Activation .Qf Formulations !?.:Y. Overhead- and Sub-irrigation 
Bi oassay techniques (23, 41) were used to determine tpe 
effectiveness of the method of irrigation upon the activation 
of the two formulations of the three herbicides. The rat.es 
used were four and eight pounds of active ingredient per 
acre of NPA , two and four pounps per acre of amiben p.pd 
eight . and twelve pounds per acre of dacthal. Cimarron oaJ:.s 
wer e used in the bioassay for ~PA and amiben, apd _RedlFn 
s or ghum was used as a bioassay organism for dacthalo Soil 
was placed in metal flats eight by twelve inches in size a;nd 
' ' 
fifty seeds were planted in ea~h pan. A total of four 
r eplicat i ons per treatment were made. The spray treatments 
were applied with a laboratory atomizer in fifty-two gallons 
of water per acr~. The granul~r ma,terials were sprinkled 
uniformly (usi.Jlg a shaker) over the area of treatment . 
Overhead i~rigation was simulated by applying the 
equivalent of one-half inch of rain in twenty minutes with 
a hand squeeze typ~ sprinkler. This process was repeated 
for a t ot a l of ope and one -half inches of rainfall . 
Subirrigation was accomplished by set~ing t he pans in 
water and allowing the water to be soaked up until the soil 
was wet to f ield G~pacity . A .second subirrigation treatmept 
was per formed fgur days after the f_irst watering . 
Ac~ivat i on ijnd effectiveness were determined by measur-
ing the length oft.he coleoptile of the best ten seedlings 
per replication ten days after treatment. These measure-
ments wer e expr essed as a percent of coleoptile length as 
compared to the length of the check. A long coleoptile 
indicates slight h~rbicidal activity (i.e. 85-100 perceµt 
12 
of the length of the check seedlings), while a short coleop-
tile (i.e. less than 85 percent) indica~es that the h~rbic_ide 
was strongly activated. Decreasing coleoptile length indi-
cates greater degree of activation. Each experiment was 
treated as a complete randomized bloc}<,. 
Persistence .Q!. Formulations~ Different Soil Temperatures 
Liquid and granular formulations of NPA, amiben, and 
dacthal were app).ied tq soil aD,d the soil was then held at 
temperatures of 60°, 75°, or 90° Farenheit. Persistence 
of each herbicide formulation w4s determined by bioassay 
technique, using Cimarron oats as a bioassay species ,fpr 
NPA and amiben and _Redlan sorghum for dacthal. The rat~s 
in parts per ~illion by weight of soil were NPA, 200 and 
400; amiben, 10 and 20; and dacthal, 100 and 200. NrA 
experim~nts were assayed every two days, amiben experiments 
every ten days and dacthal experiments every twenty days. 
Two experiments were conqucted with NPA, amiben and 
dacthal in order to determine the pers~stence of each formu-
lation at the three temperatures: (A) under conditio~s in 
which microbial d~composition "and losses by volatilizatipn 
were unrestrict~d; and (B) under conditions in which volp-
tilization was helQ to a minimum. Also, an experiment w~~ 
conducted with NPA in order to determine persistence ~d~r 
conditions of minimized volatility and minimized microbi~l 
activity. 
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Each experiment was designed as a split split plot with 
four replications, the main split occurring between tempe~a-
tures and the second split occurring between sampling dates. 
Experiments in which microbial decomposition anp 
volatiltzat i o~ los~es were un+estrtcted wer~ conducted in 
water ba ths in the greenhouse. Temperature variation wps 
~3° F. 
Spray formulations were applied with a _laboratory hapd 
sprayer and the granular formulations were applied by hand. 
The her bicides w~r~ applied to evenly spread soil and then 
thorough ly mixed w,ith the soil. The treated soil was placed 
in quart-size cans which were partially immersed in consta~t 
temper ature water baths . Watering was performed daily wiFh 
special care t~ken so as to m?inta~n moist but not w~t 
conditions at a ll time~ . 
Repr esent4tive vertical ~otl samples were collect~d 
periodically by me~ns of a co~k hole borer. ~ Twenty- five 
se~ds were planted in the collected samples .and allowed po 
germinate and develop for five day~ in a seed germinatp r ., 
at alternat ing temperatures of 70 - 86 d~grees F. Then the 
I 
lengths of t he coleoptiles were measured , and the val~~s 
obtained were cqnv~rted to pe~cent of the length of tpe 
coleoptiles of th~ check treatment .• 
In t he limite4 volatilization studies, volatility 
losses were minimized by plactng the treated soil samples in 
airtight plastic boxes. Only initial watering was required. 
The samples were incubated in Mangelsdorf germinators for 
the 75° and 90° F. temperatures, and a constant temperature 
cabinet was used to incubate the sa~ples maintained at 60°. 
Sampling and determination of persistence were performed as 
in the previous experiment. 
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Persistence ot NPA formulations was determined under 
conditions of reduced microbial decomposition and volatili-
zation. Volatilization losses were minimized by using 
sealed airtight containers and microbial de~omposition was 
mi nimized by treating the soit with methyl bromide previous 
to · applying the h~rbicide treatments. Twenty-four hours 
after the methyl bromide treatment, the tre~ted soil samples 
were incubated at 60°, 75°, a~d 90° F. Individual airtight 
sealed boxes were used for each sampling .date in order to 
avoid contamination by air exposure. Only initial watering 
was required. p~t~rmination of persistence was performed 
by the bioassay technique used previously. 
Field Experi~ents 
Experiments involving the comparison of the two formu-
lations of each herbicide at two rates under prevailing 
env i ronmental conditions were conducted at the Oklahoma 
Agricultural Experiment Stations n~ar Perkins in 1962 and 
1963 , n~ar Bixby in 1962 and 1963, and at Stillwater in 
1963. The experiments near Perkins were planted with Hood 
s oybeans in 1962 a~d with Clark soybeans in 1963. The Bixpy 
tes ts were planted with Hill soybeans. The rows were spac~d 
forty inches apart. The Stillwater plots were not plant,ed 
with a crop. 
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Spray formulations we~e applied with a tractor mounted 
sprayer . The &ranular formulations were applied with a hand 
applicator. Weed counts were taken in each experiment f .rom 
within the twenty µich treatm~nt b~p. 
Daily temp~r~tures and p~ecipitation data for tpe 
different experiment locations are shown _in _Appendix Tabl~s 
A ~nd B, respectiv~ly. The most common weeds present were 
crabgrass (Digitaria sanguinalis) and pigweed (Amaranthus 
retro£ lexus) • 
Comparison of Formulations under Prevailing Environmental 
i 
Conditiops 
Stillwater and Perkins: 
Th~ experiments conducted at Perkins in 1962 an~ 196~, 
and at Stillwater in 1963 were designed as a randomiz~d 
compl ete block, with four replications at t~e Perkins 
l ocation and eight replicatio~s at , Stillwat~r. 
At Perkins, the rates used in pounds of active ingre-
dient p~r acre were: NPA, four and eight; amiben, two and 
f~r; and dacthal, eight and twelve. In 19?3, the low rate 
of da cthal was six pounds per acre. The plots were two rows 
f or ty inches ~ide b,y twenty-ftve feet long . _ Weed counts 
were t aken from an area of eight square fee~ per plot. 
The experiment area at Stillwater was ~eavily seeded by 
broadcast with crabgrass (Digitaria sanguinalis), pigweed 
(Amaranthus retroflexus) and Italian ryegrass (Lollium 
multiflorum) . "The plots were one row ten feet long . Grass 
and broadleaf counts were taken from an area of four square 
feet per plot. 
Bixby 19.62, 1963: 
16 
The purp~se of this experiment was twofold: to deter-
mine the effe~tiveness of the formulations af the three 
herbicides under prevailing climatic conditions and t? 
determine the extent of weed control when applied at differ-
ent crop stages and as pre-emergence treatment to the weeds. 
The soybeans were treated at three different stages of 
growth: immediately after planting, when the soybeans we.re 
one inch in height, and when ~he s9ybeans were six inches 
high. 
Each experime~t was designed as a split plot with foµr 
replications. The main plots were the different stages of 
application. The plots consisted of two rows twenty feet 
long. The rates of the chemicals used were: NPA, four aP.d 
eight pounds; amiben, two and four . pounds; _and dacthal, 
eight and twelve pounds per acre. (In 1963, dacthal was 
used at rates 9.f $ix and twelye pounds per acre.) The plots 
were band treatecl, . twenty inches to the band. Previous to 
treatment, the pl~ts were cultivated and hoed to insure 
that true pre-~m.ergence effects would be observed. Weed 
counts for each plot were taken in four sa~plings of two 
square feet each. 
17 
Overhead and Furrow Irrigation i!! Activation of Granular apd 
Spray Formulations; Stillwater, 1962 
The experiment was designed as a split plot; : with four 
replications, the split being between methods of irrigation. 
Each plot consisted of three ridges thirty inches wide by 
fifty feet long . The rates used, in active ingredient per 
acre, were NPA, four pounds; amiben, two pounds; and dacthal, 
eight pounds . Furrow irrigation was applied immediately 
after treatment and was continued until the ridges were 
completely wet . A second furrow irrigatio~ was applied six 
days after treatment . Overhead irrigation .was applied by 
sprinklers . Two inches of water were appl~ed initially and 
one inch and two inches of water were applied three and seven 
days , respectively , after the date of i~itial irrigation . 
The test was conducted during the month of August, 
during which only trace amounts of rainfall were recorded. 
Twelve days after treatment , grass and broadleaf counts 
were taken . Weed counts for each plot were taken in five 
samplings of two square feet each. 
The most abundant weed species were crabgrass (Digitaria 
sanguinalis) and pigweed (Amaranthus retroflexus) . 
RESULTS AND DISCUSSION 
Greenhouse Experiments 
Activation .Qf Formulations J2I. Overhead- and Sub-irrigation 
Overhead irrigation was more effective than subirri-
gation in activating both formulations of the three chemicals. 
However, all chemicals were activated to some degree by both 
methods of irrigation. Herbicidal activity (or activatio~) 
was slightly better for NPA than it was for amiben, regard-
less of method of irrigatiop. 
The granular formulation of NPA was more effectively 
activated than the liquid under overhead ;rrigation at both 
rates. However, under subirrigation the low rate of the 
liquid formulatiQn performed better than the granular formu-
lation. The high rate of both fornrulations were activated 
to a similar degree by subirrigation (Table I). 
The liquid fqrmulation of ami~en was activated more 
effectively thgn w~s the granular fornrulation under subirri-
gation (Table I). Both fornrulations were equally effective 
under overhead irrigatioµ. 
Amiben is quite soluble and overhead irrigation w~s 
sufficient to activate either formulation to about the same 
degree. The granular formulation of amiben at two pounds 
per acre was as effective as the liquid formulation at two 
pounds, and the granular formulation of amiben at four 
19 · 
TABLE I 
ACTIVATION OF GRANULAR AND LIQUID FORMULATIONS 
OF THREE HERBICIDES .UNDER OVERHEAD-
AND SUB-IRRIGATION 
Rate Method of Formulation Coleoptile 
lb/acre Irrigation Length 
as "lo of 
Check 
NPA 
4 Overhead Liquid 57 0 7 d· 
4 Ov~rhead Granular 3L5 e· 
4 Sub Liquid 70 . 0 b 
4 Sub Gra:r:iular 95.5 a 
8 Overhead Liquid 15.0 C 
8 Overhead Granular 0 . 0 f 
8 Sub Liquid 74 . 0 b 
8 Sub Granular 78 . 5 b 
AMIBEN 
2 Overhead Liquid 61.0 e 
2 Overhead Granular 61.0 e 
2 Sub Liquid 86 ~5 b 
2 Sub Granular 93 . 5 a 
4 Overhead Liquid 46 . 5 f 
4 Overhead Granular 47 . 3 f 
4 Sub Liquid 67 . 3 d 
4 Sub Granular 78.0 C 
DACTHAL 
8 Overhead Liquid 17 . 5 d 
8 Overhead Granular 26 . 3 C 
8 Sub Liquid 32 . 5 ab 
8 Sub Granular 33 . 0 a 
12 Overhead Liquid 10 . 7 e 
12 Overhead Granular 15 . 3 d 
12 Sub Liquid 31 . 0 ab 
u Sub Granular 30 . 7 b 
1Average of four replications . Within each herbicide, 
figures followed by the same letter are not significantly 
different; figures followed by different letters are 
significantly different (26, ,:51L 
pounds was as effective as the liquid formulation a~ four 
pounds. 
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As granular h,rbicides are formulated with a relatively 
large particle s~z~ (15-45 mesh), distribution on the sur-
face of the soil is usually not as complete as would pe 
true with a sprayeq on formulation. However, distribution 
of the herbicide on the surface of the soil was not a factor 
in determining the degree of activation under overhead irri-
gation. The amount of water added was enough to dissolve 
and distribute the herbicide effectively. 
Under subirrigation, the advantage of the liquid formu-
lation over the granular formulation would appear to be due 
to a more even distribution of the herbicide on the surface 
of the soil duripg _application and therefore to a more 
uniform movement ~to the soil. 
In the overh~ad irrigated treatments, the liquid formu-
lation of dacth~l was activated better than was the granular 
(Table~). The lqw rate of the liquid formulation reduced 
coleoptile length to about the same degree as did the high 
rate of the gr~n~l~r formulation, indicating a requirement 
of a higher rate of the granular formulation to equal the 
performance of the liquid. The difference between formula-
tion effectiv~~ess with dacthal is probably due to the low 
solubility of the chemical itself. The liquid formulation 
is well distributec;l on the surface of the soil and offe~s 
more area .for activation to take plac~. 
Both liquid and granular formulations of dacthal were 
activated to the same degree under subirrigation. 
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Persistence .Qf Formulations .s.!, Different Soil Temperatures 
The slope of the curves at the three temperatures shorni 
in Figures 1 and 2 indicates that under conditions of unres-
tricted microbial activity, persistence of NPA in the soil 
decreases as the soil temperature increases. This was found 
to be true for both granular and liquid formulations, for 
both high and low rates. With microbial decomposition 
restricted, temperature did not appear to have a material 
effect on the inactivation of the herbicide. 
Figure 1 shows the persistence of two formulations a~d 
twq rates, 200 and 400 parts per million by weight, of NrA 
under conditions of unrestricted volatilization and unre~-
tricted .microbial decomposition. At each temperature, the 
high rate of the granular fo~lation persisted longer ~h.an 
the high rate of the liquid. _The low rate of the two formu-
lations persist~d equally with regard to time. When the 
soil temperature was maintained at . 90° and 75° F., tpe _ 
visually observed effects of NPA disappeared completely 
after eight days. At 60° F. , both rates of the liquid formµ-
lation and the low rate of the granular formulation disap-
peared between ten and twelve days after treatment ~. The 
high rate of the granular formulation persisted longer. 
Figure 2 shows the persi$tence of NPA under conditio~s 
of restricted volatilization and unrestricted microbi~l 
decomposition. At 90° F. the high rate of the granular a~d 
liquid formulations persisted for twelve days, although tpe 
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,Figure 1 •. · Persistence of NPA Formulations at Three Soil 
Te,peratures under Conditions of 'Unrestricted 
Volatilization and Microbial Decomposition 
% 
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Figure 2. Persistence of WA Formulations at ntree ·soil 
Temperatures under Conditions of Restricted 
Volatilization apd Unrestricted Microbial 
Decomposition. 
greater degree ~hcPl did the liquid formulation. In other 
' 
words, while both formulations were still present after ten 
days, the granular formulation inhibited growth of the 
bioassay species more than. did the liquid formulation. The 
lower rates of the granular and liquid formulations had the 
same degree of tq~~city and both formulations of the low 
rate disappeared by the tenth day after treatment. 
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At 75° and 60° F., the high r~te of the granular formu-
lation persisted beyond sixteen days, wgile th~ lower rates 
of both _formulations, and the high rate of the liquid, we,e 
present in effective concentration only up to twelve days. 
The low rate of the granular and the high rate .of the liquid 
formulation persisted equally as long at either 75° or 60° F. 
Figure 3 shows the persistence of NPA formulations 
under conditions of restricteg volatilization and restrict~d 
microbial decomposition. Disappearance of NPA under thepe 
conditions did not ,appear to be dependent upon the so;i.l 
temperature. 
Both liquid and granular formulations and both rates 
per$isted beyond sixteen days at all three temperat~res. 
Differences between formulations were not as sharp as those 
obtained in previous experiments. At all three temperatures, 
the activity ~f th$_ lower rate was less than was the activ-
ity of the higher ~ate. The granular and liquid fo,;mulatiops 
were equally active at each rat~. 
Experimental evidence indicates that volatilization and 
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mining the persistence of NPA in the soil. High temperatur,es 
favor both types of losses and therefore it is expected th~t 
the herbicide ~ill disappear from the soil faster wh,en high 
temperatures pr~vq\l following herbicide application. Wh,,en 
conditions were su.ch that volatilization and microbial decom-
position were unrestricted, NPA persisted only six to eight 
days. By restricting volatil~zation, the persistence of NfA 
was doul,)led; wpen both volatilization and microbial decom-
position losses were restrict~d, the period of persistence 
tripled. 
The fact that the high rate of the granular formulatipn 
persisted long~r than did the high rate of the liquid formu-
lation indicates tqat the granular carrier binds the toxi-
cant and therefQre reduces th~ amount of herbicide lost py 
volatilization. Binding by the carrier may also be _a fact .or 
in determining th~ amount of moisture required to activate a 
herbicide under a given method of ~rrigation. When microbial 
decomposition and volatilization were both restricted, ~o 
difference between formulations was observed, indicating 
that the granular formulation is exposed to attack by soil 
microorganisms less than is the liquid formulation. _ 
Erratic behavior of NPA under field conditions can be 
explain~d by the susceptibility of this herbicide to dif-
ferent environmental conditions. If hot weather follows 
application of th~ herbicide, its perfoJ;tnance is li~ely to 
be poor due to its . fast disappearance from_ the soil by vola-
tilization and enhanced microbial decomposition. If rain 
27 
and low temperaturts follow application of the herbicide, 
good weed control may be obtained. It ~s possible to obtain 
two to four days ireater persistence by use of granular 
formulations if th~ temperature followin_g applicati~n is 
high. 
Figure 4 show~ the persistence of the granular and 
liquid formulation~ of amiben~ at 10 and 20 parts p~r 
million, under con~itions of unrestricted volatilization and 
microbial deco~position. 
At 90° and 75° F., the low rate of the liquid formu-
lation persist~d fQr thirty-five days _. The other three 
treatme~ts persisted at least fifty days. As the s~opes of 
the curves in Figure 4 indica~e, a~ 90? F. amiben disappears 
at about the same rate as it does at 75° F. 0 At 60 F., the 
low rate of the granular and liquid formulatio~s persisted 
for for~y days, while the high rate of the granular and 
liquid formulation~ persisted ,over fifty days. Within the 
low rate and within the high rate, the liquid formulation 
persisted as long as the granular formulation. 
Figure 5 shows the persistence of amiben formulations 
under conditions of restricted volatility ahtl unrestricted 
miqrobial decqmpqsition. The slopes of the curves again 
indicate that both formulations and rates of amiben persisted 
equally ,for fifty days at 90° and at 75° F. At 60° F. the 
low rate of the liquid formulation had disappeared ,by forty-
f ive days, while b9th rates of the granular formulation and 
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The granular formulation at each rate persisted the same 
length of time as the liquid formulatiop. 
Experimental results show that losses by volat~lization 
do not ~ppear to be a very important fa~tor in dete;-min~g 
the persistence of amiben in t~e soil regardless of formu-
lation. It appears that the main loss ~f amiben from. the 
soil is probab~y bj microbial decompositiop. 
As shown in Figures 6 and 7, dacthal persisted over one 
hundred days in the soil at t~e three t~mperat~res. Under 
conditions of unrestricted volatilization and unrestricted 
microbial decompqsition dacthal tends to disappear slightly 
faster at 90° than at 75° F. However, the rate of disappear-
an~e is very lqw, :\.ndicating a .. long . period of pers isten.ce 
and hence effective weed cont;-ol. Persistence of this herbi-
cide is ,probably due to its low sus~eptibility to microbi~l 
decomposition and to its very .low volattlity. . 
The granular and sprayed formulati9ns persisted equally 
in the soil at each of the three temperatures. In dealing 
with a compound of low volatility and high resistance .to 
microbial decomposition, the ~arrier is not as important as 
it appears to be with a chemical such as NPA which disap-
pears faster from the soil when in the form of the liquid 
formulation than as a granular. 
Under conditions of restricted volatilization and 
unrestrtcted microbial decomposition, temperature did not 
influen~e the persistence of dacthal. Each rate and each 
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The persistence curves shown in Figures 6 and 7 show 
that loss by volatilization does occur with dacthal. How-
ever , this loss is negligible over a period of one hundred 
days and does not 4ppear to be a significant facto~ in t~e 
disappearance of dacthal from the soil at temperatures 
betwe~n 60° and 90~ F. Since . dacthal retains its initial 
to~i city when vol~tilizatiop is _re$tricted, it appears th~t 
micropial decomposition is negligible, at least during the 
first one hundred days. 
Fi~ld Experi~~nts _ 
Acti vation £.t Formulations ~ _Overhead- and Sub-irrigation 
Conditionp prevailing during the e~periment were hpt 
and dry . The daily temperatures exceeded 90° F. and only 
a trace amount of precipitation was recorde? . 
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Table II shows. the average number of gras~ and broad-
leaf weeds per ten square f eei:?·. of treat_:ed area. As was 
shown in the gr~enbouse, over~ead irrig~tion was more effec-
tive than suoirrig~tion in activating the herbicides . 
Under overqeaq irrigation both fo~lations of NPA were 
equally effective in controlling grass ~nd broadleaf weed~ . 
Under furrow ir~;gation, however, the granular fo~latipn 
gave better gra~s ~d broadleaf weed control than the liqui.d. 
Be tter perfonnan~~ of the grapular formulation in the greep-
house and in the f~eld was probably due either to reduced 
l oss by· vol atilt zation from the granular formulation under 
high temperatur.es , or to loss by leaching f ollowing water 
2Fi v~ two- square- fpot random samples were taken per plot. 
TABLE II 
FURROW VERSUS OVERHEAD ACTIVATION OF TWO FORMULATIONS OF THREE HERBICIDES 
' ' 
Chemical Rate Method of Formulation Grass Broadle1f lb/acre Irrigation Counts 1 Counts 
NPA 4 Overhead Granular 1.3 d 3.3 e 
NPA 4 Overhead Liquid 3.0 cd 6.5 de 
NPA 4 Furrow Granular 7.8 cd 3.0 e 
NPA 4 Furrow Liquid 19 .5 b 15. 8 be 
Amiben 2 Overhead Granular 1.8 d 6.3 de 
Amiben 2 Overhead Liquid 11.0 be 14 .5 be 
Amiben 2 Furrow Granular 30.3 a 20.0 b 
Amiben 2 Furrow Liquid 41.3 a 37.3 a 
Dacthal 8 Overhead Granular 0.3 d 2.0 e 
Dacthal. 8 Overhead Liquid 0.0 d 2.0 e 
Dacthal 8 Furrow Granular 1.0 d 7.5 de 
Dacthal 8 Furrow Liquid 7.3 cd 10. 5 cd 
1weed counts over an area of ten randomly chosen square foot areas per plot, 
average of four replications. Within each experiment figures followed by the same 








The granular formulation of amiben gave better grass a~d 
broadleaf weed control than did the liquid formulation und~r 
overhead irrigation. Under furrow irrigation, the liquid 
and granular fqrmu!ations were equally effective in tpe 
control of grass weeds, but the gr~nular formulation was 
more effective in controlling _broadleaf weeds. 
In .general, the dacthal formulatioi;is provided equally 
effec~ive grass control under both, types of irrigation. 
Under furrow irrigation, broadleaf weed control by the spr~y 
formulation was as effective as the granular bu.t not, ,as 
effective as either formulation in the overhead irrigat.ed 
treatments. The liquid and granular formulations were 
equally effective in controlling broadleaf weeds under over-
head irrigation. In the greenhouse tests, the liquid formu-
lation of dacthal proved to be more effectively activated py 
overhead irrigation than was ~he g;.-anular formulation. Und,er 
field conditiqns, overhead irrigation ~ctivated both formu= 
lations to the same degree. However, in the greenhouse 
more precise control of moisture was possible. Subirrigation 
activated the formulations equally in the field and in tpe 
greenhouse. 
Under field conditions moisture did not appear _to be as 
critical as temperature for herbicidal effectivenes~ since 
ample moisture wa~ provided. Better performance of the 
gr anular formulation appears ~o be due to the prevaili.pg 
soil temperatures. The air temperature at time of herbiciµe 
application was 100° F. and the soil temperature at one inch 
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below the surface was 99° F. At this t~mperature i~ appears 
that some of the herbicide applied as the liquid formulat~on 
would volatilize before reaching the surface of the soil cy1d 
further volatilization would occur from the surface of tpe 
soil. The granular formulati~n prolongs the presence of tpe 
herbicide on the surface of the soil until sufficie;nt 
moisture is provided for activation to take plac~. 
Comparison .Q!. Formulations under Prevailing Climatic 
Conditions 
Stillwater 1963: 
Day temperatures prevailing on days following ~ppli-
cation of the herbicides were in the low seventies and 
high sixties. Night temperatures were in the forties a;nd 
fifties. On the q~y of treatment, 0.24 inches of rain were 
recorded following application. During the next three days 
there was a total of 2.25 inches of rain. 
O~cthal use resulted in excellent grass control, but 
broadleaf weed control was not as effective (Table III). 
Both rates and both formulations were equally effective in 
controlling grass weeds . The high rate of the liquid formu -
lation was more effective than the low rate of the granul~r 
in controlling broadleaf weeds. The low rate of th~ 
granular formulation and the high rate of both formulatio~s 
were equally effectiv~. 
Amiben was not as effective in controlling grass weeds 
as dacthal but broadleaf weed control by amiben was betteF· 
TABLE III 
FORMULATION EFFECT"IVENESS UNDER PREVAILING 
CLIMATIC CONDITIONS: STILLWATER 19631 
37 
Number of Weeds 2 
Per Eight Square Feet 













































6 . 0 b 
4 . 6 b 
o.s b 
6.0 b 
74 . 0 a 
18 . 0 b 
13.0 b 
5. 6 b 
1. 6 b 
92.0 a 
42 . 0 b 
44.0 b 
21.4 C 
32 . 4 be 
88 . 0 a 
22.0 b 
16.6 be 
2 . 0 C 
14.5 be 





88 . 0 a 





1Lines separate experiments. Within each experiment 
figures followed by the same letter are not signi f icantly 
different ; figures followed by different letters ar e 
significantly different. 
2Average of eight replications. Sampl e area: eight 
square feet per plot . 
Bqth rates and both fonnulations of amiben were equally 
effective in the control of grass and broadleaf weeds. 
Grass and broadleaf weed control by NPA was not as 
effective as control by dacthal or amibeno The high rate 
of the liquid formulation of NPA gave better grass weed 
control than the low rate of both fonnulations o The high 
rate of the granular formulation was equally as effective 
as all rates of the liquid fonnulation . For broadleaf weed 
control , the high rate of both fonnulations of NPA was more 
effective than the low rate . 
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Poor performance of NPA appears to be due to the high 
solubility of the chemical and to the amount of rainfall 
recorded. Much of the chemical was leached out of the soil 
or washed away by runoff and its toxic effects reducedo The 
low solubility of dacthal prevented leaching of the chemic~l 
beyond the zone of weed seed germination and the rain was 
sufficient to activate the chemical effectively . 
Perkins 1962 and 1963: 
In 1962, between nine and eleven days after treatment 
there were 1 . 21 inches of rain. The prevailing day tempera-
tures were in the high eighties and low nineties and the 
night temperatures were in the high sixties . In 1963, 0 . 5 
inches of rainfall were recorded six days after treatmept 
and five days later an additional 0 . 71 inches were recorded. 
The prevailing day temperatures following treatment were in . 
the high eighties and low nineties . 
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Table IV shows the number of grass and broadleaf weeds 
per eight square feet in each plot. 3 Weed control by, all 
three chemicals was very good. 
Both formulations and rates of NPA were equally effe~-
tive for grass and broadleaf weed control in 1962 and in 
1963. Grass control was slightly better .in 1962 than in 
1963. 
The high r~te of amiben controlled_grass and broadleaf 
I 
weeds better than the low rate did. in 1962. In 1963, hcy,-
ever, the low rate of the liquid formulation did not prov~pe 
as good grass weed control as the low rate of the granular. 
I 
The low rate of the granular gave equally good weed contrpl 
as did the high rate of either formulatiop. 
'· 
Dacthal formulations and rates gave excellent weed 
control. in 1_962 and 1963. There was no difference in weed 
cqntroi o~;ween rates or formulations. 
Bixby 1962- and 1963 ~ 
N~it·her of the formulations. of the thr~e chemica,ls 
caused vi sible inj~ry to the crop regard~ess of stage .of 
crop development. Despite the extremely adverse climatic 
conditions encountered j all three chemicals gave good we~d 
control . 
Temperatures recorded after the first, second, a.pd 
third treatments in 1962 were in the high eighties. Rainfall 
3Aver age of four replications~ samples per plot consist~d 
of four two=square=foot samples. 
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TABLE IV 
. FORMUIATIQN EFFECTIVENESS UNDER PREVAILING1 
CLIMATIC CONDITIONS~ PERKINS 1962 and 1963 .. . ... ,. 
Weeds 2 
Grass Broad leaf 
Chemical Rate Formulation 1962 t963 1962 
lb/acre 
.. 
NPA 4 Granular 1.7 a 9.0 a 1.3 a 
NPA 4 Liquid 2.9 a 14.6 a 2.0 a 
NPA 8 Granular 1.7 a 6.6 a 0.8 a 
NPA 8 Liquid · 2.0 -a 13.6 a 0 .. 8 a 
Amiben 2 Granular 6.4 ab 1.0 a 20.4 a 
Amiben 2 Liquid 7.3 a 16.6 b 22.2 a 
Amiben 4 Granular 0.8 C 1.0 a 5 .7 b 
Amiben 4 Liquid 1.7· be 7.0 a 7.7 b 
Dacthal 8 Granular 0.8 a -~ell)-- 3.1 a 
Dacthal 8 Liquid 0.4 a c:::. ca oa OD c:::, 1.0 a 
Dacthal 6 Granular (S)C)C)C::,C::, 2.0 a CIQCDCD C*JqD 
Dacthal 6 Liquid . co c:'t C,C)a;l 1.0 a c:::tCDC:,i:::)-
Dacthal 12 Granular 1.0 a 1.6 a 1 .. 7 a 
Dacthal 12. ' Liquid 0.4 a 2.0 a 1.3 a 
1within each herbicide, fi~res followed by the same 
letter are not significantly diiferent; figures followed 
by different letters are significantly different. 
2Average of four replications. Sample area; eight 
square feet. 
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was recorded twelve days after_ the first application and 
amount ed to 0.30 inches. Within the next five days rainfall 
totaled 1.27 inches. The second treatment was applied 
previous to the 1.27 inches. On ~une 2, 2.94 inches of 
rainfall were recorded and fiv~ days later an additional 3.71 
inches were recorded. Two inches of rain fell during .the 
following two day$, bring about flooding conditions (i.e. 
standing water). The third treatment was applied two days 
. ' ' 
previ ous to the 3.71 inch rain. The plots remained under 
water from four to seven days. 
In general, the first NPA treatments were leasit effec-
tive in controlling weeds (Tables V and VI). The reason for 
this appears to be because of the high temperature following 
application and lack of moisture. These conditions are 
conduci ve to incre~se loss by volatilization. The high rate 
of granular NPA g~ve better weed control than the other rates 
f or ei ther formulation. This appears to show that there is 
les s volatility from the granular formulation than there is 
fr~ t he liquid. This also was shown in the greenhouse 
studi es . There was no difference between the second and 
third t r eatment dates for either grass or broadleaf weed 
con~rol . The forlllUlations were equally effective durf..ng 
the second and third treatments. 
Amiben gave b~tter grass _weed control at the third 
trea t ment date than it did in the second and bet~er ~ the 
second than it di d in the first. The drought combined with 
the f loo.d affected the first treatment more than the flood 
TABLE V 
FORMULATION EFFECTIVENESS UNDER PREVAILING ENVIRONME!TAL 
CO~OITIONS~ BIXBY 1962 AND 1963 '?~ GRASS CONTROL _ 
Chemical Rate Formulation Date of Treatment 
lb/ac+e 5/12/62 5/23/62 .6/5 /62 .5/11/63 5/30/63 .>6/8/6,3 l:r;; 
NPA 4 Granular 16.0 8.0 9.1 11.0 5.0 6,.0 
NPA 4 Liquid 27.0 9.1 9.1 12.0 5.6 6-.0 
NPA 8 Granular 8.0 5.3 5.3 8.6 12.0 6.5 
NPA 8 Liquid 21.0 4.0 5.3 12 .6 · 7.6 5.0 
Amiben 2 Granular 9.1 3.3 4~6 - 10.0 '8 .6 5:.0 
Amiben 2 Liquid 10. 7 15.3 4.6 7.0 11,0 6.0 
Amiben 4 Granular s-.o 1.3 2.7 7.0 4.6 7.0 
Amiben 4 Liquid -- 9 .1 4.6 2.7 8.6 8.6 9.-0 
.Da,ctbal 6 Granular --- --- ..... ;;..:;;, - .. . -5.6 · 3.6 l.-0 
Dactha.l 6 Liquid --- --- --- 6.0 3.6 1.0 
Dacthal 8 Granular 14.0 3.3 12.0 --- ---
Dacthal 8 Li-quid 21.l 5.3 17~3 ---
Dacthal 12 Granular 12. 7 10. 7 9.1 2.0 2.:6 5 ..,0 
Da-e-tha-1 12 Liquid 13.3 8·.0 17.3 1.0 -; 300 ,21~·0 




FORMULATION EFFECTIVENESS UNDER PREVAILING ENVIRONMENTAL CONDITIONS· 
Bl!XBY 1962 ~D 1963 ~ ~~QA.OLE~ WEED __ CON'rROi. -
Chemical Rate Formulation Date of Treatment ·-
lq/acre 5/12/62 5/23/62 .6/5/62 . 5/11/63 5/30/63 6/8/63 
NPA 4 Granular o.o o.o 1.3 11.0 3.0 2.0 
NPA 4 Liquid 8.0 0 J7 2.7 14.0 7.0 2.0 
NPA 8 Granular 2.7 1.3 5.3 7.6 6.0 o.6 
NPA 8 Liquid 9.1 2-.0 2.0 6.0 .3. 0 2 .-6 
' 
Amiben 2 Granular 5~3 o·.·a- 1.3 - -2~6 1.6 i.6 
Amiben 2 'Liquid 6·. 7 4. (j 2.0 1-.6 0.6 3.o 
Amiben 4 Granular 2.7 0.8 1.3 6 .• 6 1.6 1.6 
Amihen 4 Liquid . 8.7 1.3 1. 3 4.0 2 •. 6. l.O 
OA<:thal 6 ·Granular --- --- --- 8.0 2.6 o .. 6. --
Dacthal 6 Liquid --- --- --- 7.0 3.0 1.6 
Dacthal 8 Granular 8 • ., 4.8 4.7 .-- -' --- ' ..: _ , __ 
Dacthal 8 Liquid 10.7 1.3 7.3 .,. .. ., .... _ -·---
Da,.cthal 12 Granular 9.1 1.3 7.0 9.0 4.10 ' 0, ~6 




alone affected the second and third treatments. The granular 
f ormulation of amiben gave better weed control than the 
liquid formulation at each rate in the second treatment date. 
In t he other two dates the formulations were equallY. 
effective . 
Dacthal formulations gave best weed control on the 
second date of application. Weed control due to the first 
and t hird treatment dates was the same. Both granular and 
sprayed on formulations were 7qually effective in controlling 
weeds . 
In 1963, temperatures following the first treatment 
date were in the high eighties and 0 0 32 inches of rain fell 
on the day of treatment. Three days later, 0 . 25 inches were 
r ecorded and six days after treatment an additional 2.85 
incpes were recorded. The second applicat_ion was f~llowed 
by t emperatures in the high seventies, then the eighties and 
nineties . Only trace amounts of rain were recorded during 
eighteen days following the second treatment. On the nine-
t eent h ~ay, 0.54 inches were recorded. The third application 
was made seven days previous to the 0.54 inch rain. Temper-
atures following the thir9 application were in the qigh 
e i ghties and nineties. 
In general , poorer weed control resulted from the first 
treatment than from the second or third treatment. Weed 
control was as good in the second treatment as it was in the 
third treatment . 
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The high rate of each ch~mical gave better weed control 
than did the low r~te within each date of application. 
Formulations of NPA, of amiben and of tlacthal were equally 
effective in controlling weeds in 1963. 
SUMMARY 
Experiments were conducted in the greenhouse and in the 
f i eld in order to determine the behavior of granular and 
liquid fonnulations of NPA, amiben and dacthal under varic;,us 
environmental conditions. 
Both overhead- and sub-irrigation were effective in 
activating the three chemicals to some degree. Overhead 
i rrigation was more effective than subirrigation in activa-
ting either formulation of the chemicals. In general, the 
liquid fonnulations were activated more readily than the 
gr anular when subirrigated under greenhouse conditiQns; 
while the granular fonnulations gave better weed control 
under field conditions. Better performance of the granular 
f ormulation in the field is related to less volatilization. 
Also, enough water was provided under field conditions to 
act i vate either fonnulation e£fectively. 
Greenhouse results indicate that NPA has the shortest 
period of persistence in the soil at 60°, 75° and 90° F. 
and dacthal has the longest period of persistence in the 
s oil . As the soil temperature goes up, persistence of NPA 
decreases due to enhanced microbial decomposition and vola-
tility losses. The granular formulation ~f NPA appears to 
be slightly more persistent than the liquid fonnulation, 
but the fonnulations of amiben and dacthal appeared to be 
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equally persistent. Data collected showed NPA to be the ~ost 
susceptible of the herbicides to loss by volatilization and 
microbial decomposition, while amiben was o~ly moderately 
susceptible to losses by these factors. Dacthal gave only 
slight indication of being subject to volatilization, and 
its loss by microbial decomposition also appeared to be 
slow. Dacthal persisted over one hundred days, amiben for 
fifty and NPA for a maximum of twenty days at 60° F. under 
conditions of restricted volatilization. 
The three chemicals prov~ded good weed control at all 
field locations regardless of formulation. When hot dry 
weather followed herbicide tr~atments, the liquid formulation 
of the more volatile chemicals rendered poorer weed Gontrol 
than did the granular formulation. Heavy rainfall following 
application of the herbicides did not affect the efficiency 
of the herbicides to a great extent. 
CONCLUSIONS 
The granul,cir formulation of NPA, amiben and dacthal 
is as effective as the liquid formulation for weed control, 
providing there is ample moisture for ~ctivation. If 
temperatures are high and the soil is dry, conditions a~e 
conducive to losses by volatilization, especially in the 
ca~e of"highly vol~tile mater~als such as NPA. Other 
substances such as dacthal have a low vapor pressure and 
hence undergo less loss by volatilization at high 
temperatures. 
Under conditions of high temperatures and high soil 
moisture, conditiqns are favorable for losses due to 
microbial decomposition of the herbicideo 
If sufficient moisture is provided for a good crop 
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Maximum and Minimum Daily Temperatures 
Stillwater 
1962 1963 
Day Aug. April May 
Max Min Max Min Max Min 
1 82 68 66 38 
2 85 67 65 51 
3 93 68 82 54 
4 95 74 89 67 
5 ' 103 76 84 59 
6 103 79 81 59 
7 101 72 84 55 
8 100 74 86 66 
9 * 1013 72 87 70 
10 104 72 93 75 
11 104 78 95 69 
12 99 65 80 69 
13 91 66 84 69 
14 91 60 89 66 
15 94 61 88 69 
16 94 66 86 57 93 68 
17 93 57 88 66 89 57 
18 102 69 87 68 83 52 
19 103 68 85 66 78 59 
20 98 72 81 52 73 46 
21 100 66 88 48 72 47 
22 100 72 91 65 64 47 
23 101 74 86 69 63 46 
24 97 68 * 70 46 75 51 
25 84 59 66 47 87 68 
26 88 50 66 48 86 55 
27 93 51 66 54 85 53 
28 97 59 73 60 85 60 
29 95 71 77 67 85 58 
30 98 66 76 57 80 66 
31 97 72 75 48 72 63 
*Date of treatment. 
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Maximwn and Minimu,m Daily Temperatures 
Perkins 
1962 1963 
Day June July -June 
Max Min Max Min Max Min 
1 I ··s3 - 62 89 69 80 62 
2 i 73 63 92 71 78 62 
3 71 60 95 75 82 66 
4 86 57 96 74 88 68 
5 88 67 95 73 88 70 
6 88 66 97 75 * 82 68 
7 84 63 ·97 74 89 71 
8 81 64 100 73 88 66 
9 82 62 96 68 90 71 
10 84 66 88 69 92 62 
11 87 65 95 73 90 64 
12 * 88 65 97 15 88 69 
13 - 83 61 97 72 91 72 
14 83 57 97 77 94 72 
15 86 66 95 76 98 62 
16. 89 67 90 68 . 64 58 
17. 91 71 91 65 74 61 
18 91 70 81 64 
19 90 64 86 · 62 
20 93 64 86 64 
21 93 66 86 65 
22 89 65 86 63 
23 90 65 so 
24 89 68 
25 88 66 
26 85 65 
27 88 66 
28 82 68 
29 88 69 
30 88 67 
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Day May June May June 
Max Min Max Min 
j 
Max Min Max Min 
1 82 64 65 34 -s2 58 
2 74 64 65 48 86 62 
3 75 63 80 51 ·39 68 
4 84 60 88 66 92 66 
5 * 87 69 87 64 94 72 
6 87 66 83 61 91 74 
7 85 59 86 58 ·94 72 
8 83 66 88 66 * 95 72 
9 83 64 85 70 ·97 70 
10 89 63 81 . 61 94 73 
11 89 62 87 62 * 90 67 97 63 
12 * 87 66 85 69 88 67 92 73 
13 87 62 80 57 83 69 96 71 
14 86 66 83 57 88 67 97 74 
15 86 67 88 65 87 66 
16 87 69 89 67 87 70 80 67 
17 88 69 83 59 80 61 
18 87 70 91 71 83 54 82 65 
19 88 68 90 69 80 60 89 68 
20 95 63 71 50 88 67 
21 89 71 93 67 70 53 86 62 
22 86 70 88 70 65 49 
23 * 93 53 90 66 61 44 87 66 
24 89 70 70 53 91 71 
25 89 71 88 65 86 61 93 70 
26 88 64 87 67 85 62 
27 87 63 85 56 
28 85 71 85 63 
29 81 63 85 58 
30 85 65 * 78 65 
31 84 68 74 64 
APPENDIX B 
Daily -J?reeipi.tation· (in- inebes) 
- -JU.xby Perkins -Stillwater 
_ Day 196•2 . - - 196'3 1962. 1963 19,62 ----- - - -- 1'9&3 ·-
_:._ May June }i!Y: June J_,__une Julz._ June Aus. April May : 
l 0 .. 09· - - ·T 1,28 01103 Q;83 
2 2 • 94 0 • 10 1.14 
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